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ABSTRACT 

Extragalactic Type II Cepheids are tentatively identified in photometric surveys of IC 1613, 
M33, M101, M106, M31, NGC 4603, and the SMC. Preliminary results suggest that Type II 
Cepheids may play an important role as standard candles, in constraining the effects of metallicity 
on Cepheid parameters, and in mapping extinction. 



Subject headings: — 

1. Introduction 

Type II Cepheids were often cited as potential 
distance indicators, yet the possibility of a non- 
unique period-luminosity relation and their com- 
parative faintness relative to classical Cepheids 
often precluded their use. Recent advances in 
the field are challenging such perceptions, how- 
ever. The OGLE survey of the LMC and Galactic 
bulge secured a statistically valid sample of Type 
II Cepheids that facilitated the est ablishment of 



viabl e period-magnitude r elatio ns (Udalski ct al 
1999[ iKubiak fe Udalskil 120031 : ISoszvnski etal 
2008). The distances inferred to the Galactic 



center and innumerable globular clusters from 
Type II Ceph eids agree with estimates found in 
the literature dPritzl et alj 2003t Matsunaga et al 



20061 iGroenewegen et al.ll2008t iFeast et all 120081 
Matsunaga et alj|2009l iMaiaess et alj|2009h . Fur 
thermore, Type II Cepheids were observed be- 
yond the Local Group alongside cla s sical C epheids 



2006f ). That 



in the galaxy M106 (jMacri et al. 
finding, in tandem with the possible discov- 
ery of Type II Cepheids i n NGC 3198 fc NGC 



5128 dKelson et all Il999t iFerrarese etaH l2007t 



Maiaess et al. 20091) . motivated the present study 



which expands the search for extragalactic Type 
II Cepheids. 

Type II Cepheids may be identified in galax- 
ies that do not co ntain young m assive stars like 
classical Cepheids (Turner] 19961 ). since the vari- 



ables originate from a n older low mass popula- 
tion (jWallersteinl 120021 ). It follows that statisti- 
cal uncertainties in recent estimates of Hq might 
be reduced through an incr ease in the number of 
galax i es used for calibration ( Freedman fc Madorei 



19961: iFreedman etal] l200lh . Type II Cepheids 



also offer an empirical resolution to the debate sur- 
rounding the effect of metallicity on the distances 
and colours of classical Cepheids. The distance 
and reddening determined for a particular galaxy 
from classical Cepheids, Type II Cepheids, and RR 
Lyrae variables should be comparable, with any 
identifiable differences possibly linked to metallic- 



ldcntmaDie ainc-rcnccs possibly 
ity effects (|Majaess et al.ll2009j ). 



Similarly, param- 
eters (d, Eb-v) established for globular clusters 
from RR Lyrae and Type II Cepheid variables may 
be compared to estimates that are insensitive to 
metallicity. 

This study employs reddening-free Cepheid 
relations to highlight the potential member- 



(Udalski et all 2001 


). M106 dMacrietal. 20061). 


M33 (Macrietal 




200lt Hartman et al. 120061: 


Bersier et al. 2008 


« 


Scowcroft et al. 20091). M101 


(Kelson et al. 


1996 


IStetson et all Il998). M31 


(IBonanos et al 


12003). NGC 4603 dZeof et al. 


1997:INewman et al.lll999l). and the SMC (Udalski et al. 



1999). The effects of metallicity on the determi- 
nation of a Cepheid's colour and distance are also 
discussed. 
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Soszvnski et~alll2008f) : 
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Fig. 1. — Wesenheit period-magnitude diagrams for 
the galaxies studied. Solid lines indicate the Wesenheit 
functions for classical Cepheids pulsating in the over- 
tone and fundamental modes, and Type II Cepheids. 



2. Extragalactic Type II Cepheids 

Wesenheit reddening-free parameterizations for 
classical Cepheids pulsating in the first overtone 
(OT) and fundamental mode (FU), and for Type 
II Cepheids (Til) can be d educed from OGLE 
observations of the LMC ( Udalski et al. 1999; 



W V j = V - 0{V - I) 
Wvi(FU) = -(3.29 ± 0.02)(logP) + (15.82 ± 0.01) 
W V i{OT) = -(3.37 ± Q.02)(logP) + (15.32 ± 0.01) 
W V i(TH*) ~ -2.7 x log P+ 17 A 



BL Her, W Vir, and RV Tau variables do not 
follow the same simp le Wesenheit function (see 



Soszvnski et al.l 120081 ). Consequently, the afore- 
mentioned equations were only used to iden- 
tify Type II and classical Cepheids by their lo- 
cations ^m_j^3ddj3nirur^^ 

gram s ( van den Berghll9"68 : Madorel 1 982H Qpolski 
19831 ). The distances were then computed from 
th e reddening-free Cepheid d istance relationship 



was derived by Maiaes s et al 



of lMaiaess et al.l (120081. 12006 ) . A c orrection term 



( 20091) to permit the 



determination of distances to the RV Tau subclass 
of Type II Cepheids, in addition to stars occupying 
the BL Her and W Vir regimes. The reddening- 
free Cepheid distance relationships were obtained 
via least squares techniques applied to specific 
samples of calibrators. For classical Cepheids 
the s ample consisted of Gala ctic cluster Cepheids 
(e-g- 



Turner fc Burkel 120021) and Cepheids with 



new HST parallaxes ([Benedict et al.ll2007l ). Defin 
ing the relation strictly as a Galactic calibra- 
tion is somewhat ambiguous given that Milky 
Way Cepheids appear to follow a galactocent ric 

" [20013). 
tied to 

Galactic classica l Cepheids that exhibit near so- 



meta llicity gradient (lAndrievskv et al 



The iMajaess etldl (|2008l ) relation 



is 



lar abundances ( Andrievskv et al. 2002l lbh. For 



Type II Cepheids the calibra tors were LMC vari- 
ables observed by OGLE (jUdalski et all Il999t 



Soszvnski et~al~ll2008h . 



The colour coefficient for the Wesenheit rela- 
tions used he r e, = —2.55, is that employed by 
Fouaue et al.l (|2007l) . The slopes of the Wvi rela- 
tions do vary between galaxies, but are not large 
enough to affect the present objectives and shall be 
elaborated upon in a separate study. The Wesen- 
heit functions were shifted in tandem by the same 
zero-point to correct for a difference in modulus 
between the calibrating galaxy (the LMC) and the 
target galaxy under inspection. It is noted that 
the formal uncertainties cited for the Wesenheit 
functions are optimistic (Eqn. 



(1) 
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Fig. 2. — Cepheid period-distance diagrams for the 
galaxies IC 1613, M101, and M31. Filled circles iden- 
tify stars analyzed using the Type If Cepheid distance 
relation. Open circles identify stars analyzed with the 
classical Cepheid distance parameterization. 



Classical and Type II Cepheid candidat es in 
the survey of M33 by lHartman et aL (2006) and 
Bersier et al. (2008) were identified by construct- 
ing a Wesenheit function for g' and %' magnitudes. 
A sizeable Type II Cepheid population exists in 
that survey, of which a small subsample are plot- 
ted in Fig. [TJ Further results by their research 
group are eagerly anticipated. 

Type II Cepheid c andidates were ten tatively 
i dentified in IC 16 13 (lUdalski et al.l IgOOlh M106 



the inner and outer regions of the galaxies. In- 
adequate sampling is a concern and may result 
in systemic offsets whenever small statistics are 
present (IC1613, SMC, M33). The SMC sample 
may be biased by anomalous Cepheids or the lim- 
iting magnitude of the survey. The distance was 
therefore weighted towards stars near the center 
of the Type II Cepheid relation. 



Soszvnski et al.l (|2008l ) discovered a set of 16 



rather interesting and peculiar LMC Type II 
Cepheids of the W Vir subclass. The stars ex- 
hibit periods of pulsations ranging from ~ 4 — 10 
days, and wer e interpreted as more luminous bi- 
nary systems (jSoszvnski et al. I l2008l) . Indeed, the 
enigmatic IX Cas may be the Galactic analog 
(|Harris fc Welchlll989t iTurner et al.ll2009h . Such 
stars occupy a small fraction (~ 10%) of the over- 
all Type II Cepheid population in the LMC, mit- 
igating the impact on conclusions derived here 
owing to misclassificd W Vir pulsators. However, 
depending on the limiting magnitude of the sur- 
vey, caution is warranted since such stars may 
be preferentially sampled owing to their increased 
luminosities relative to regular W Vir pulsators. 

Admittedly, stars highlighted in Tablc[3]may be 
semi-regulars or variables of differing classes that 
overlap the Wesenheit relation des c ribing Type 
II Cepheids (ISoszvnski et al.l 120071 I2008L joO§ 
Pellerin et al.l 12009 ). An identification scheme 



(iMacri et al.l2006l) M33 jMacri et al.l2001 



20061: iBersier et al.ll2008l IScowcroft et al 
M101 dKelson et all Il99a IStetson et al 



1997 



M31 (Bonanos et al 



Newman et al 



2003), NGC 4603 (Zepf et al 



Hartman ct 



2009), 
19981) 



1999 ). and the SMC ( Udalski et al 



19991 ). Data for a subsample of Type II Cepheid 
candidates are presented in Table [3] as an ap- 
pendix. Once classifications were established from 
a Wesenheit analysis (Fig. [TJ , period-distance di- 
agrams were constructed using reddening-free VI 
classical and Type II Cep heid distance relations 
(|Maiaess et al.l I2OO81 12009). A subsample is pro- 
vided as Fig. [21 Parameters for the galaxies are 
summarized in Table [TJ where (i) and (o) denote 



based solely on a variable's position within the 
Wesenheit diagram is inadequate (Fig. [JJ). The 
initial sample presented in the Wesenheit and 
period-distance diagrams (Fig. [TJ [2j) were subse- 
quently purged of variables exhibiting apparent 
colours significantly redder than the Cepheids. 
Semi-regulars, for example, are typically redder 
a i ind may be magni t udes fainter than Cepheids 
(lUdalski et all Il999l : ISoszvnski et~ai1 l2007l l200l 
2009). Classical and Type II Cepheids exhibit 
similar colours at a given period, but diverge in 
particular towards longer periods where RV Tau 
stars appear bluer than classical Cepheids. Apply- 
ing the period-color diagnostic reduced the num- 
ber of Type II Cepheid candidates by ~ 50%. No 
account for differential reddening was made. Ad- 
ditional work is needed here, as a rigorous analy- 
sis based on complete data should include a mul- 
tifaceted approach to highlight contaminators us- 
ing: Fourier parameters for the light-curves, color- 
magnitude, period-amplitude, period-color, and 
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Table 1 

Distance moduli for the sample galaxies. 



Galaxy 


(m - M) (TI) 


(m - M) (Til) 


No. Til 


Photometry 


IC 1613 


24.35 ± 0.09 


24.52 ± 0.16 


2 


1 


SMC 


18.93 ± 0.10 


18.85 ± 0.11 a 


9 


2 


M33 


24.43 ± 0.14 (i) 


24.54 


1 


3 




24.67 ± 0.07 (o) 






3 




24.40 ± 0.17 (i) 


24.5 ± 0.3 


5 


4 


M31 (Y-ficld) 


23.93 ± 0.24 


23.93 ± 0.24 


17 


5 


M106 


29.09 ± 0.14" (i) 


29.20 ± 0.18 


15 


6 




29.20 ± 0.12 a (i) 






6 




29.34 ± 0.09 (o) 


29.43 ± 0.14 


6 


6 




29.46 ± 0.16 (i) 






7,8 


M101 


28.89 ± 0.17 (i) 


28.9 ± 0.4 


6 


9 




29.29 ± 0.20 (o) 






10 


NGC 4603 


32.3 ± 0.4 


31.6 ± 0.3 


5 


7,11 



NOTE.— Refer en ces: (1) lUdalski et~aT1 1120011) (2) lUdalski et~aD 1199911. (3 ) 
IScowcroft et al.l j2009l) , (4) IMacri et al.l 11 20011). (5) IBonanos et al.l |2003fl . 
(6) IMacri et al.1 (120061) . (7) INewman et al. l ||2001 | ). f81Maoz et al.l dl99gfT (9) 
IStetson et al.l 1 119981) 7710) [Kelson et al.l 1 119991) . (ll) IZepf et al.l 1 11997^ 

e 'scc text 



Wesenheit diagrams. 

3. Cepheid Metallicity Effect 

3.0.1. Effects on color 

Precise metallicity independent distance esti- 
mates for the sample of galaxies studied here are 
rare, for example the maser distance to M106 



( Herrnstein et al. 2005^ 1 . That complicates ef- 



forts to constrain the effect of metallicity on 
Cepheid distances. Conversely, reddenings are 
readily available and established by a set of au- 
tonomous methods. The intrinsic colour of a 
Cepheid, and hence its temperature, are consid- 
ered sensi tive to meta llicity (see references in the 
review by iFeasd Il999l) . Consequently, a classical 
Cepheid VI colour-excess relation (|2J Eqn. ^ 
calibrated with Galactic variables in the solar 
neighborhood should yield a spurious estimate 
of reddening for classi cal Cepheids in the metal- 
poor galaxy IC 1613 (|Udalski et al.ll200lh . The 
two samples exhibit a sizeable metallicity differ- 
ence, namely A[Fe/H] ~ 1. However, the redden- 
ing of classical Cepheids in IC 1613 established 
from Eqn. [2] agrees with that obtained by metal- 
licity independent means (see Table [2|). It fol- 
lows that to within the uncertainties a classical 
Cepheid's intrinsic (V — I) colour must be rela- 
tively insensitive to metallicity. The colour-excess 



relation (Eqn. \2§ also appears to provide a reason- 
able estimate of reddening for Type II Cepheids 
(RV Tau subclass excluded), and an additional 
test for metallicity effects. That is demonstrated 
by the good agreement of reddenings for Type 
II Cepheids in th e glob ular clusters NGC 6441 
Pritzl et al.ll2003l). M54 (jPritzl et al.ll2003l ). M15 



Corwin et aT]|2008l ). and the LMC with metal- 
licity independent determinations (Table [2|) . No 
metallicity corrections were applied despite a size- 
able range in abundance spanning [Fe/H] ~ —0.3 
to —2.3 (Tabled]). A unique period-reddening re- 
lation for Type II Cepheids shall be developed in 
a follow-up study since Eqn. [2] inadequately char- 
acterizes the entire period regime. Nevertheless, 
the present results are confirmed by an ongoing 
parallel study that is establishing reddenings for a 
subsample of galaxies and globular clusters in Ta- 
ble from RR Lyrae variables. The statistics are 
larger and shall bolster confidence in the results. 
Lastly, the 2MASS reddenings highlighted in Ta- 
ble [5] should be viewed as a first-order estimates. 

Perhaps not surprisingly, the slope of the VI 
reddening-free classical Cepheid distance relation 
also appears rela t ively insensitive to metallic- 



itv (lUdalski et all 2001 ; Pietrzvhski et al 



Benedict et al.l l2007t van Leeuwen et al 



2004; 



2007 



Fouaue et al.ll2007t iMaiaess et al.ll2008l ). By con 



trast, the slope of a BV relation is sensitive to 
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metallicity. Readers are ref e rred to discus s ions i n 



Caldwell fc Coulsonl lll985h . IChiosi et alJ (Il993l ). 



and iTammann et al 



The aforementioned 
trends are confirmed when computing the distance 
to SMC Cepheids from relationships calibrated 
with Galactic Ce pheids in the solar ne ighborhood 
(Fig. El see also IMaiaess et al.l I2008T ) . Classical 



Cepheids in the SMC are metal poor in compar- 
ison with C epheids in the LMC and solar neigh- 
bour ho od dLuck et al. 1998t Andrievskv et al 



2002Hbl : lMottinill2006t ). W-based Galactic classi 
cal Cepheid distance relations ineptly characterize 
SMC Cepheids (Fig. [3j, and a break in slope is 
apparent. The ratio of total to selective extinction 
(i?) can be adjusted to mitigate the bias noted in 
Fig. [3j but the value required to linearize the BV 
relation acros s all periods is unrealistic. A disad- 
vantage of the lMajaess et all (|2008l . l2009h Cepheid 
parameterizations is the ratio of total to selective 
extinction is fixed. It is also noted , in hindsight , 



that t he colour coefficient for the Mai aess et al 



(2008) BV relation may be rather large, although 
it i s somewhat consisten t with the value adopted 
by iMadore fc Freedmanl ( 1991 ) . Further work is 
needed to consider t he implications of anoma 



lous values of R (e.g.. lMacri et alj|2001bt lUd alski 
2003]_, and to examine why the ITammann et al 



(|2003l ) and IMaiaess et all (l2008h BV re lations do 
not match that of iFouque et al I (|2007l ) (Fig. [3]). 
The latter finding is of particular concern, and a 
rigorous comparison of the Galactic calibrations 
shall ensue. 

3.0.2. Effects on distance 

The data in Table Q] indicate that distance 
moduli for the inner regions of spiral galaxies in 
the sample derived from Cepheids are consistently 
smaller than the outer regions. The canonical ex- 
planation attributes the difference to a metallic- 
ity gradient (Fig. [5J bottom). However, there are 
concerns regarding that assertion. For example, 
the distances computed to the tw o data sets that 



samp l e the inner regions of Ml 06 (jNewman et al 



2001 : Macri et al. 20061 ). where the abundances 
are similar, differ by (m — M)o ~ 0.32 (see Ta- 
bic [l}. The discrepancy may reflect the diffi- 
culty of achieving a common photometric zero- 
point and the need to reassess the error budget as- 
signed to extragalactic Cepheid distance determi- 
nations. The distance to classical Cepheids in the 
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Fig. 3. — Cepheid period-distance diagrams for the 
SMC. The slopes of classical Cepheid distance rela- 
tions based on BV photometry are sensitive to the 
effects of metallicity. Conversely, the slopes of VI- 
based relations are relatively unaffected by comparison 
(t op). The Galactic cla ssical C epheid relation s (Zq) 
of IMaiaess et all (I2008I) (M08). iFouaue et all (j2007h 
fF07). and ITammann etafl (|2003l ) (T03) were used. 



outer regi ons of M33 as estab lishe d from the pho- 
tomet ry of Macri et al. ( 2001 ) and I S cower oft et"al 



(2009) is in excellent agreement (Tabled]). Like- 
wise, the results highlighted in Table [1] for the in- 
ner and outer regions of M1 1 are consistent with 



that cited in Stetson et al. (1998). The implied 



difference in distance between the two regions of 
M33 and M101 are: A(m - M) ,M33 ^ 0.24 and 
A(m — M)q . mioi — 0.40. The observations by 
iMacri et all (|2006l) for Ml 06 imply a difference 
of A(m - M) 0jM io6 - 0.25 (Fig. H P > 7 rf ), 
with the caveat that the results for M106 by 



iMaoz et al.l (|l999h and iNewman et"al] (|200lh are 
omitted. Applying a period-cut (P > 12 d ) to the 
i nner region's sample as indicated by M acri et al 
( 20061 ) reduces the offs et to A(m — M) mw6 - 



0.14 (see also Fig.17, IMacri et alJ l2006f) . how- 
ever, an anomalous VI Wesenheit slope remains 
and is a concern. Nevertheless, evaluating 5(m — 
M)o/S[0/H] by straight division rather than ap- 
plying a linear fit to the data, an analysis of M106 
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indicates that the functional dependence of metal- 
licity on distance appears more aptly characterized 
as non-linear (e.g., a polynomial, Fig. [4]), yields 
7 ~ 0.5 mag dex -1 . The required metallicity cor- 
rection appears too large to account for the offset 
between the inner and outer regions of the galaxies 
examined. 

Galactic classical Cepheids provide a metallicity- 
uncorrected distance to the LMC, SMC, and IC 
1613 of (to - M)n ~ 18.45,18.93,24.35 (e.g., 
Maiaess et ail 120081 and Table [J). Applying a 
more modest metallicity correction of 7 ~ 0.3 mag 
dex -1 reduces the distance to the LMC, SMC, and 
IC 1613 to (to - M) ^ 18.35,18.70,24.05. The 
latter value for IC 1613 is especially disconcert- 
ing. However, yet again IC 1613 provides a unique 
opportunity to verify the proposed metallicity ef- 
fect owing to the sizeable abundance difference 
between classical Cepheids in the Milky Way and 
that galaxy (A[Fe/H] ~ 1, see § l3~UTj) . Con- 
sider the following tests comparing distances to 
RR Lyrae variables, Type II Cepheids, and clas- 
sical Cepheids at a common zero-point (e.g., IC 
1613 & the SMC). lBenedict et al.1 (|2002h obtained 
a parallax for RR Lyrae using the Hubble Space 
Telescope, which when averaged with the Hip- 
parcos esti mate yields an absolute magnitude of 
My ~ 0.54 ( van Leeuwen et al~ll2007 : Feast et al 



2008). RR Lyrae's metallicity is similar to vari- 
ables of its class in IC 16 1 3, namely \Fe/H] c± 
-1.4 dDolphin et alJ l200ll iBenedict et all 120021: 
Feast et ah! 2008 ). Consequently, no metallicity 
correction is required when evaluating the dis- 
tance to RR Lyrae variables observed in IC 1613. 
It follows that the distanc e to 14 RR Lyrae va ri- 
ables observed in IC 1613 (jDolphin et al. 2001 ) is 
(to - M) = 24.33 ± 0.08 (assuming M v ~ 0.54, 
Eb-v — 0.05). That is in agreement with the 
classical Cepheid estimate (Table [1]) and negates 
a sizeable metallicity effect. Likewise, the dis- 
tance to RR Lyrae var iables observed in the SMC 
(jSoszvnski et al.ll2002h is (m-M) = 18.87 ±0.13 
(E B - V = 0.08). 

In sum, the results provide the impetus to 
question a sizeable metallicity effect (see also 



Udalski et al.l200lllPietrzvnski et al.l2004l : lMaiaess et al 
20091) . 

A possible alternative to invoking the effects 
of metallicity to explain the observed offset in 
distance between the inner and outer regions is 





26.0 ■ 




25.5 : 




25.0 : 











1 


24.5 r 








24.0 : 




23.5 : 




23.0 1 



I 1 1 1 1 I 1 1 ■ 1 I 1 1 1 

M33 (S09) 




30.3 30.4 30.5 30.6 30.7 
DEC ° 



31 



30 



T 29 
E 



28 



27 



M106 (M06) 




8.4 8.6 8.8 9.0 
12+log[0/H] (dex) 



Fig. 4. — Cepheid declination-distance and 
abundance-distance di agrams for the gala xies M33 
(top, photometry from lScowcroft et alJl2009h fc M106 
(bottom, photometry from M acn et alJ l2006). Bot- 
tom, the data can be represented by a polynomial fit. 



a changing ratio of selective to total extinction, 
or to consider the spurious photometric effects 
inherent to sampling the inner regions of galax- 
ies. For example, Cepheids sampling the inner 
crowded regions of M33 and Ml 06 exhibit larger 
scatter than classical Cepheids sampling the outer 
region (Fig. Q|. For the inner region of M106 the 
scatter arises in part from a shifting zero-point 
between sho rter and longer-pe riod Cepheids (see 
also Fig.17, iMacri et all I2006I ). That may arise 
because of a different extinction law than that 
adopted or photometric contamination. The dis- 
tance to the inner regions of M33, M106, and 
M101 are approximately 10% smaller than values 
derived for Cepheids in the outer regions. The 
trend may be consistent with that expected from 
crowding and blendin g dStanek fe; Udalski 1 1991 



Mocheiska et al.ll2000L l200lh . IMacri et all (j20cL 
and IScowcroft et ~ ( 2009h describe their efforts 
to assess and mitigate such effects for M106 & 
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Table 2 

Reddenings for Galaxies and Globular Clusters 



Object [Fc/H] Cep I Cep II Schlegel et al. (1998) Harris (1996) 2MASS 

LMC -0.3 0.14 ±0.04 0.14 ± 0.04 

NGC 6441 -0.5 0.55 ± 0.03 0.63 0.45 0.66 ± 0.05 

IC 1613 -1.0 0.05 ±0.03 - 0.03 - 0.10 ± 0.05 

M54 -1.6 - ~ 0.16 0.15 0.15 

M15 -2.3 - ~ 0.14 0.11 0.09 0.14 ±0.04 



Note.— Metallicites from IMottTml (120061' ). ITjdalski et all 1120011) . and I IHarrisI IT996T) . ISchlegel et al.l U998I) 

reddenings computed via the N ED extinction calcu lator. 2MASS field reddenings calculated by Turner following 
the prescription highlighted in lTurner et al.l 1120081) . 



M33, and readers are referred to their studies. 
The debate surrounding the impact of blending 
and crowding is as contentious as that of metal- 
licity, highlighting the importance of continuing 
efforts analogous to the aforementioned studies. 
It is tempting to invoke similarities in distance for 
Type II and classical Cepheids (Table Q]) as a mea- 
sure of the effects of metallicity and photometric 
contamination. Presently, however, an analysis is 
hindered by small statistics and large uncertain- 
ties. Determining the dependence of metallicity 
on Cepheid distances using nearby galaxies (e.g., 
SMC) shall break the degeneracy and facilitate an 
assessment regarding the effects of crowding and 
blending on Cepheids in distant galaxies. More 
work is needed here. 

4. Parameterization for Interstellar Ex- 
tinction 

A new photometric colour excess relation based 
on VI photometry is provided here to address 
concerns surrounding the effect of metallicity on 
Cepheid variables ( §3.0.ip and to facilitate the 
mapping of interstellar reddening for regions of 
the Milky Way and other galaxies. A classical 
Cepheid's colour excess can be closely approxi- 
mated (the instability strip exhibits width) by not- 
ing that: 

E B -v = a log P + /3(m\i - r7i A2 ) + 4> 

where a, /3, and <p are co-efficients that can be 
derived by minimizing the y 2 statistic for a cal i- 
brating data set (Table 1 of Maiaess et al.l l2008). 
and raw and m\i are photometric magnitudes in 



different passbands. The optimum solution is: 

E B -v = — 0.281ogP + 0.74(V — I) - 0.27 , (2) 

which reproduces the calibrating set with an av- 
erage uncertainty of ±0.03 magnitude. The true 
scatter applying to use of the relationship for indi- 
vidual classical Cepheids shall be larger, particu- 
larly for extragalactic variables. VJ, VH, and VK 
relations are also practi cal alternatives for d eter- 
mining a colour excess ( Maiaess et al. 2008) and 
may provide first order estimates to complement 
reddenings derived by means of B VI r photometr y 



(|Lanev fc Stobid 1 19941 : lLanev fc Caldwell 
spectroscopic analys es (IKoytvukh et al 
and space reddenings (lTurnerll984l 



igs_ 

20071 iTurner et al.ll2008f) . 



2007), 



2008) 



Benedict et al 



5. Summary &: Discussion 

60+ Extragalactic Type II Cepheid candidates 
were tentatively identified in the galaxies IC 1613, 
M106, M101, M33, M31, NGC 4603, and the SMC, 
complementing potential Type II Cepheids found 
elsewhere in the LMC, NGC 3198, NGC 5128, etc. 
A subsequent study examining the extensive DI- 
RECT and CFHT observations for M31 and M33 
shall result in a sizeable increas e to the statistics 
(|Macrill2004l : iBersier et al.ll2008l) . A subsample of 
potential Type II Cepheids is presented in Table[3] 
The list may be contaminated by variables of dif- 
fering classes which overlap the Wesenheit relation 
characterizing Type II Cepheids. 

The distance established to a set of galax- 
ies from Type II Cepheids agree with literature 
estimates. That sample includes several galax- 
ies located beyond the Local Group (e.g., M106, 
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Macri et al . 2006). Presently, the uncertainties are 
large and identifications preliminary, yet the re- 
sults are encouraging and underscore a pertinent 
role for Type II Cephcids. 

Type II Cepheids were likely purged from the 
final published results of classical Cepheid stud- 
ies owing to their spurious positions on clas- 
sical Cepheid period-magnitude relations. A 
re-examination of the original data sets may 
indeed be rewarding. Dedicated surveys of 
Type II Cepheids (& RR Lyrae variables) in 
nearby galaxies are also anticipat ed, analogous 



to that conducted of the LMC (Udalski et al 



19991 : ISoszvnski etHI I2002L l2008h . As demon 
strated in ^3.0.21 the continued discovery and sub- 
sequent analysis of Type II Cepheids, RR Lyrae 
variables, and classical Cepheids at a common 
zero-point shall place direct constraints on the 
effects of metallicity (e.g., SMC and IC 1613). 
So too will the discovery and subsequent estab- 
lishment of mean VI photometry for Type II 
Cepheids and RR Lyrae va r iables in globular 
clusters dClement et all 12001: Ipritzl et al.l 1200; " 
Hor nell2005t iM atsuna ea et al 1120061 : iRandall et al 



20071 : iRabidoux et all I200I 



Corwin et al. 200 



A forthcoming study shall describe how such ef- 
forts are being pursu ed from th e Abbey-Ridge 



Observatory (ARO) (lLanel 120071 : iMajaess etal 
2008bl : iTurner et all l2009h . Ongoing photomet 



ric monitoring from the ARO, in harmony with 
archival photometry from the Harvard Colleg e 
Observatory Plate Stacks ( Grindlav et al.l I2009T) ■ 



shall also enable the period evolution of these 
stars to be ascertained to support evolution ary 
models (|Wallersteinll2002l : ITurner et al.ll2006l ). A 
holistic approach is needed and modest telescopes 
may serve a con s tructive ro le ( Percy! 1980 . 1986: 



Szabadod 120031 : IPaczvhskil 120061 : ITurner <1 al 
2009b . 



Feastl (1 19991. l200ll . l2008h . IWallersteinl |2002l) . and 
SzabadosI (|2006l lbh. were useful in the preparation of 



this work. 
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Table 3 

A Sample of Variables Lying Near the Type II Cepheid Wesenheit Relation. 



Galaxy 


Star ID 


P (days) 


V 




/ 


Rof. 


IC 1613 


[UWP2001 


10421 


29.31 


21.099 


20 


389 


(1) 


IC 1613 


[UWP2001 


17473 


13.12 


21.887 


21 


498 


(!) 


M33 


118019 




11.99021 


22.0394 


21 


5377 


(2) 


M33 




77 (bRr) 


20.83 


19 


16 


(3) 


M33 


nn toi 1409 ^-i-^n9Qn7 ^ 


89.1 (SR:) 


21.52 


19 


7 


(3) 


M33 


JJOOJUlO'ilU.DTOUO i ou.y 


89.1 


20.77 


19 


55 


(3) 


M33 


r>11Tmi1^7 1-1-1044^ 9 


69.4 


21.47 


20 


02 


(3) 


M33 


Dll 701 1497 1-1-104407 1 


76.6 


21. 46 


20 


26 


(3) 


M31 


"T>11 T00411K fi-1-414197 & 


138.4659 (SR?) 


20.16 


18 


5 


(4) 


M31 


"Tin T004441 Q-l-414fl49 ^ 


40.4597 


21.39 


19 


83 


(4) 


M31 


D31J004421. 5+413636.1 


45.1998 


18.94 


18 


43 


(4) 


M31 


D31J004344. 8+413705. 8 


31.9068 


21.47 


20 


1 


(4) 


M31 


D31J004454. 4+414528. 6 


32.6462 


21.53 


20 


21 


(4) 


M31 


D31J004432. 7+414601.0 


51.7285 


19.87 


19 


22 


(4) 


M31 


D31J004336. 6+415207.8 


31.9668 


19.31 


19 


01 


(4) 


M31 


D31J004440. 8+413346.0 


42.6421 


21.1 


20 


12 


(4) 


M31 


D31J004306. 6+414734. 7 


44.067 


21.26 


20 


26 


(4) 


M31 


D31J004426. 5+414210. 5 


26.9212 


21.87 


20 


66 


(4) 


M31 


D31J004339. 4+413925. 8 


27.4462 


21.9 


20 


72 


(4) 


M31 


D31J004435. 4+414237.8 


33.1692 


21.18 


20 


33 


(4) 


M31 


D31J004441. 2+413700. 4 


40.2412 


20.65 


20 


03 


(4) 


M31 


D31J004454. 4+415133. 9 


34.374 


21.22 


20 


44 


(4) 


M31 


D31J004325. 7+414338.1 


12.3263 


21.59 


20 


69 


(4) 


M101 


[SSF98] V42 


54.4 


24.53 


23 


73 


(5) 


M101 


[SSF98] V119 


71.03 


23.85 


23 


15 


(5) 


M101 


[SSF98] V223 


95.72 (bK:J 


24.81 


23 


68 


(5) 


M101 


[SSF98] V102 


72.33 


25.53 


24 


48 


(5) 


M101 


[SSF98] V209 


94.01 (blirj 


24.38 


23 


69 


(5) 


SMC 


OGLE SMC-SC2 81443 


1.2356 


19.088 


18 


454 


(6) 


SMC 


OGLE SMC-SC5 235485 


2.11321 


18.728 


18 


012 


(6) 


SMC 


OGLE SMC-SC3 130452 


1.48964 (AC;) 


18.734 


17 


993 


(6) 


SMC 


OGLE SMC-SC11 100 


1.88761 


18.471 


17 


763 


(6) 


SMC 


OGLE SMC-SC8 148923 


1.87772 


18.127 


17 


511 


(6) 


SMC 


OGLE SMC-SC3 157235 


2.97155 


18.499 


17 


688 


(6) 


SMC 


OGLE SMC-SC5 111664 


2.56919 


17.21 


16 


897 


(6) 


SMC 


OGLE SMC-SC8 3848 


3.38938 


17.29 


16 


776 


(6) 


SMC 


OGLE SMC-SC7 83050 


14 1 fifi4 
11. 1UU1 


16 432 


15 


762 




M106 


[MSB2006] 


1-117359 


15.69 


26.987 


25 


927 


(7) 


M106 


[MSB2006] 


1-139045 


26.66 


26.317 


25 


302 


(7) 


M106 


[MSB2006] 


1-098414 


20.38 


26.468 


25 


564 


(7) 


M106 


[MSB2006] 


1-088850 


37.64 


25.911 


24 


862 


(7) 


M106 


[MSB2006] 


1-071968 


41.44 


25.333 


24 


561 


(7) 


M106 


[MSB2006] 


0-31291 


28.62 


26.602 


25 


538 


(7) 


M106 


[MSB2006] 


0-38462 


14.22 


26.481 


25 


899 


(7) 


M106 


[MSB2006] 


1-139786 


31.75 


26.349 


25 


372 


(7) 


M106 


[MSB2006] 


1-078417 


33.31 


26.395 


25 


417 


(7) 


M106 


[MSB2006] 


O-07822 


39.55 


25.855 


25 


004 


(7) 


M106 


[MSB2006] 


1-005860 


36.7 


25.857 


25 


067 


(7) 


M106 


[MSB2006] 


1-239712 


24.31 


26.849 


25 


906 


(7) 


M106 


[MSB2006] 


1-052900 


42.4 


25.634 


24 


925 


(7) 


M106 


[MSB2006] 


1-120571 


42.01 


25.913 


25 


09 


(7) 


M106 


[MSB2006] 


O-28609 


35.69 


26.439 


25 


51 


(7) 


M106 


[MSB2006] 


1-095468 


29.86 


26.706 


25 


781 


(7) 


M106 


[MSB2006] 


0-29582 


30.92 


26.605 


25 


706 


(7) 


M106 


[MSB2006] 


1-106574 


29.2 


26.442 


25 


702 


(7) 


M106 


[MSB2006] 


1-139636 


41.12 


26.411 


25 


456 


(7) 


M106 


[MSB2006] 


0-11134 


38.33 


26.075 


25 


333 


(7) 


M106 


[MSB2006] 


1-082122 


43.16 


26.305 


25 


387 


(7) 


NGC 4603 


1165 




60 


27.24 


26 


53 


(8) 
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Table 3 — Continued 



Galaxy 


Star ID 


P (days) 


V 


J 


Rcf. 


NGC 4603 


2848 


59 


26.9 


26.56 


(8) 


NGC 4603 


2862 


33 


27.72 


27.28 


(8) 


NGC 4603 


2547 


26 


27.57 


27.23 


(8) 


NGC 4603 


1545 


25 


27.55 


27.22 


(8) 



Note.— Refer ences: (1) I U dalski et al.l 11200 II) , (2) 

Scowcroft et al.l j2009fl . (3) IMacri et al.l ipOOll) , (4) 
Bonanos et alj J2003l> . (5) IStetson et all ll998l), (6) 
Udalski et al.l 1 11999^ 777) IMacri et al.l 1120061) . f8) lNewman et alj 
I2001D . 
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